Lanthanide-induced shifts of 13C nuclear magnetic resonances are reported for several amines and n-butyl isocyanide. Contact contributions to such shifts, especially of j3 carbons, are clearly important for the chelates of Eu+3 and Pr+3. The importance of contact terms is shown to change in a rather predictable manner with the structure of the amine.
There have been indications (1) of contact-shift contributions to the changes in nuclear magnetic resonance (NMR) chemical shifts produced by lanthanide-shift reagents but, so far, the most compelling evidence for contact contributions have been the very large "wrong-way" "4N-shift changes reported by Witanowski and coworkers (2) with amines. These results are contrary to the generally accepted idea (1) that the action of the lanthanide-shift reagents can be attributed to the dipolar part of the general shift equation (1).
In the course of an attempt to use the shift changes induced on 13C and proton resonances of europium chelates to determine the conformations of hydrocarbon chains in solution, we encountered the large "wrong-way" (upfield) shift on the 2-carbon signal of n-butylamine (Table 1) that has also been discovered by Cushley and coworkers (3). This abnormal shift, which occurs both with Eu(DPM)3 (DPM, dipivaloylmethanato) and Eu(FOD)3 (europium chelate of tris-1,1,1,2,2,-3,3-heptafluoro-7,7-dimethyloctane-4,6-dione), is all the more striking in that the shifts of all of the other carbons and protons are downfield, while the carbon and proton shifts are all upfield with praseodymium chelates*. On the basis of the dipolar effect and collinearity of the effective magnetic dipole and the N-Eu coordination bond (1, 4), it is not possible to have the C2 resonance go upfield and the C1 downfield in the observed ratio unless the C-N-Eu (<CNM; carbon-nitrogen-metal) bond angle is around 80°, a chemically unreasonable value. The only way that the ratio of the C1/C2 shifts can have the correct sign and magnitude with reasonable values of RNM (distance of nitrogen to metal) and <CNM is with the angle + drastically different from zero (4). This, in turn, is unreasonable itself because it would cause sizable deviations from the normal pattern of the shifts of some of the other atoms. Thus, if C2 were to fall in the region where (3 cos2 x -1) is strongly negative, some of the hydro- gens or other atoms of the chain must as well. The abnormal shift is therefore likely to be the result of a contact-interaction contribution (1, 3, 4). That the effect is opposite in sign to the normal europium-induced shifts is in agreement with the results obtained with isoborneol (4) .
The question of the magnitude of the effect is difficult to answer for a conformationally flexible system of uncertain average geometry because the dipolar contribution cannot be readily assessed. A more quantitative assessment for the rigid system of exo-norbornylamine has been made elsewhere (5) . We confine our attention here to a qualitative survey of abnormal lanthanide-chelate shifts of the 1'C resonances of amines.
The most astonishing aspect of the abnormal 13C shifts is their chelate and structural specificity (see Table 1 ). First, as noted before, no "wrong-way" 13C shifts have so far been observed with amines and alcohols with praseodymium chelates, although this should not be taken, as has been pointed out (5) (6) . An apparently normal pattern of shifts is observed with europium chelates and t-butylamine and 1-adamantylamine (Table 1) . However, the symmetry of these molecules makes it especially easy to evaluate the dipolar effect, and it turns out that, for reasonable lanthanide-amine geometry (5), the dipolar contribution predicts a ratio of C1/C2 shifts of about 2.2, whereas 4.1 to 4.3 is observed. Again, an important "wrong-way" contribution to the shifts is evident. That the shift of Cl' of the phenyl of isopropylbenzylamine is small may again be due to a sizable contact-shift contribution (Table 1) 
